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MULTIPLE SENSOR FISH SURROGATE 
INTERFACE SYSTEM FOR ACOUSTIC AND 
HYDRAULIC DATA COLLECTION AND 

ANALYSIS 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufactured and 
used by or for the United States Government for govern 
mental purposes Without the payment of any royalties 
thereon. 

FIELD OF THE INVENTION 

The invention pertains to an apparatus for analyzing 
hydroacoustic and hydraulic pressure variations at Water 
intakes in relationship to ?sh behavior. More speci?cally, it 
relates to a processor interface system for an apparatus 
simulating multiple acoustic or How sensory elements or 
systems of a speci?c ?sh under study. Such a system 
characteriZes acoustic signals and hydraulic pressure varia 
tions for correlation With ?sh movement toWards, or aWay 
from, these Water intake structures that are potentially haZ 
ardous to these ?sh. The invention can also describe com 
plex ?oW patterns in natural aquatic settings or manmade 
hydraulic structures. 

BACKGROUND OF THE INVENTION 

Many valuable ?sh species are in serious decline, requir 
ing human intervention to prevent further decline and 
extinction. Such intervention includes the use of apparatus 
and methods for diverting or repelling ?sh aWay from Zones 
of danger caused by man made structures, such as the 
intakes of hydroelectric poWer turbines, or the intakes of 
pumping stations used on lakes for off-peak hours that pump 
Water from the loW side of the hydroelectric poWer dam to 
the upstream reservoir, or the intakes catching ?sh. For 
example, US. Pat. No. 5,177,891 entitled “Game Fish 
Attracting Device” by Holt teaches of a game ?sh luring 
device that is capable of generating multiple acoustic sig 
natures for attracting a particular ?sh. Moreover, this teach 
ing discloses Well knoWn means of obtaining underWater 
acoustic signatures using standard underWater acoustic 
apparatus. HoWever, this teaching does not suggest or teach 
of either a means or method for recording accurate hydroa 
coustic or hydraulic ?oW data that a ?sh’s sensory organs 
experience at a Water inlet. 

Previous ?sh behavioral studies have been based on 
assumptions that sound ?eld emanations in?uence a ?sh’s 
movement and could be represented by mathematical mod 
els based on an acoustic ?eld of simple sources such as 
dipoles and monopoles. Generally, these studies have dealt 
With only a compressional Wave component of a sound ?eld 
that does not include an actual particle motion component. 
Such studies do not adequately describe the sound ?eld that 
in?uences a ?sh’s behavior, especially in areas of high 
turbulence. Fish have a very important sensory organ 
referred to as the lateral line Which contains hair cells that 
transduce mechanical hair motion caused by these types of 
pressure differences and particle motion experienced at a 
Water inlet into neuroelectrical impulses. The function of 
this important sensory organ is not taken into account by 
methods knoWn in the technical arts of environmental stud 
ies. Moreover, the sensors are incorporated into the body of 
a ?sh being studied Wherein the ?sh closely resembles an 
actual ?sh that minimiZes extraneous ?oW induced noise that 
Would otherWise Would be encountered if a regular hydro 
phone Were used. Thus, the instant invention’s sensory ?sh 
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2 
surrogate is a means for collecting and analyZing through a 
processor interface relevant acoustical/hydraulic data that 
can assist in the design of a Water inlet that Will deter ?sh 
from such a Water inlet. Alternatively, the invention can be 
used to collect and analyZe acoustical/hydraulic data to 
attract ?sh to the entrances of ?sh bypass systems. 

SUMMARY OF THE INVENTION 

The invention is a processor based analysis system With 
an interface system for a multiple ?sh surrogate array. Each 
surrogate ?sh has a plurality of pieZoelectric and triaxial 
accelerometer sensors for emulating sensory organs of a 
particular ?sh. The multiple ?sh surrogate array is immersed 
in ?oWing Water intakes of a hydraulic structure such as 
intakes, intake bypasses, diversion structures or natural 
geological formation such as rif?es, shoal areas, and pools. 
The invention is an interface system for data acquisition 
analysis and display of acoustic and ?uid dynamic data in or 
near these hydraulic structures and natural formations. To 
accomplish this, multiple sensors in each ?sh-shaped physi 
cal enclosure that form the array are deployed at the same 
time to describe a ?sh’s aquatic environment at Water intake 
locations under examination. Since such an intake exhibits 
turbulent ?oW ?elds that cannot be characteriZed by a single 
sensor, many sensor bodies are required for a thorough 
characteriZation of the Water intake. This collected data can 
then be correlated With the ?sh behavior under study for 
developing methods of diverting ?sh from these Water intake 
areas of danger or attracting these ?sh to a Water bypass 
entrance system. Similarly, The invention can also describe 
complex ?oW patterns in natural aquatic settings or man 
made hydraulic structures. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1a shoWs an assembly draWing of the ?sh surrogate 
including optical ?ber netWork and stabiliZer line. 

FIG. 1b shoWs an assembly draWing of the ?sh surrogates 
of this invention indicating position of printed circuit board. 

FIG. 1c shoWs an a cross-sectional vieW of FIG. 1b. 

FIG. 2 shoWs a schematic vieW of several of the ?sh 
surrogates of this invention for deployment at a Water intake. 

FIG. 3 shoWs a signal ?oW block diagram of one of the 
?sh surrogates of this invention. 

FIG. 4 shoWs a How chart of the methodology of the 
interface system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1a is an illustration of a single ?sh surrogate used in 
the instant invention. It is similarly shoWn and described in 
i) US. patent application Ser. No. 08/364,919, now US. Pat. 
No. 5,517,465, entitled “Multiple Sensor Fish Surrogate for 
Acoustic and Hydraulic Data Collection” and ii) US. patent 
application Ser. No. 08/502,025 entitled “Multiple Sensor 
Fish Surrogate for Acoustic and Hydraulic Data Collection” 
Which are hereby incorporated by reference. HoWever, the 
instant invention includes additional processor interface 
system components for calibrating the array and the analysis 
and display of the collected data. 
Each ?sh surrogate (10) as shoWn in FIG. 1b comprises a 

holloW enclosure (1) having an approximate siZe and shape 
of the ?sh under study at a location of particular interest. 
Fiberglass reinforced epoxy or polyester resins are the 
preferred materials for constructing the holloW enclosure of 
the ?sh surrogate. Other materials may be used provided 
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they seal the ?sh surrogate’s enclosure against Water intru 
sion. A plurality of piezoelectric sensors (2), ranging in 
numbers are mounted on the exterior surface of the ?sh 
surrogate (10) enclosure as shoWn in FIG. 1b at locations 
corresponding to sensory areas on an actual ?sh under study. 
Each ?sh has a stabiliZer line Thus, several such sensors 
can be located on areas corresponding to the ?sh’s head. 

The output signals of these sensors (2) & (6) of FIG. 1a 
of each ?sh surrogate (10) pass Wires and optical leads 
through the interior of the surrogate ?sh (10) enclosure as 
shoWn in FIG. 1b, being properly sealed against Water 
leakage. The optical and poWer leads in turn passes through 
a Water tight connection (3) from the enclosure. These leads 
are connected to a supporting frame that supports the 
plurality of ?sh surrogates (10). These leads form a harness 
(20) that transmits sensory output data. 

The signals recorded during test runs, during Which the 
multiple ?sh surrogates (10) as shoWn in FIG. 1b are 
immersed in Water, may be analyZed and displayed as 
needed by central processing unit (30). The system of the 
instant invention as shoWn in FIG. 2 and FIG. 3 has multiple 
?sh surrogates (10) that are interconnected to the poWer & 
optical ?ber harness (20) to the master central processing 
unit (30). The netWork alloWs for high speed data transmis 
sions betWeen the central processing unit (30) and the 
individual ?sh surrogate (10). Data can be retrieved from 
any of the multiple ?sh surrogates (10), for example, as 
many as 256 such units, at a rate of several thousand bytes 
per second. Since many Water intake structures are hydro 
electric in nature, the preferred data transmission link of the 
harness (20) is a ?ber optic cable Which prevents the 
electromagnetic interference due to the hydroelectric gen 
erators Which may interfere With data acquired by the 
system. PoWer is supplied to the ?sh sensors using electrical 
Wire. 

The instant invention can use an arcnet netWork. The 
arcnet netWork is characteriZed by a token bus protocol With 
up to 255 nodes. The netWork interface provides both 
netWork management and fault isolation. The netWork fur 
ther includes a self diagnostic capability Where duplicate 
node ID detection and fault isolation are used. Each data 
packet may contain up to 512 bytes. Data rates may he from 
156 Kbs to 5 Mbs. Data transmissions from the ?sh surro 
gates (10) can be accomplished via the ?ber optic transmis 
sion link that is consist of a star topology. 

Typically, the ?sh surrogate (10) has eight analog chan 
nels located Within the device. Five of the eight channels are 
passive by design and the other three have provisions for a 
12 volt poWer source. The system has the capability of 
performing 16 bit digitiZation of all input channels. The 
digitiZation rate is 100,000 samples per second. 

The operation of the system is as folloWs: The master 
central processing unit (30) can initiate commands to the ?sh 
surrogate (10). Each ?sh surrogate (10) has a speci?c 
identi?cation byte (IDF byte) that Will respond to a data 
request contained in its identi?cation. In addition each 
sensor in each ?sh surrogate (10) has a speci?c identi?cation 
byte IDS byte Which Will be forWarded to the master central 
processing unit (30) from one of the ?sh surrogates (10). 
Each ?sh surrogate (10) has a microcontroller Which can 
decode commands from the master central processing unit 
(30) and respond according to that command to: i) send a 
signal from a speci?c ?sh and channel; ii) send all signals 
from the multiple channels from a speci?c ?sh surrogate; iii) 
send signals from a desired channel of selected ?sh surro 
gate; and iv) preform diagnostic of an individual surrogate. 
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4 
In addition to the data, the ?sh surrogate (10) Will also 

send the ?sh IDF and sensor IDS, the ampli?er gain byte and 
the data status byte. Once the data is received by the central 
processing unit, It may be stored on disk or displayed by the 
central processing unit (30) in real time depending on the 
request of operator. The ?sh surrogate (10) has a microcon 
troller With selectable three decades of ampli?er gain. The 
digitiZed data are maintained Within the center range of the 
gain range, if the data is outside the center of the gain range 
the gain is changed to be Within the acceptable gain range 
Which is determined by the microcontroller. The data is 
inspected by the microcontroller continuously after conver 
sion by the analog to digital converter. If the microcontroller 
cannot ?nd a range Where data is Within a center range gain 
level, a data corrupt byte is sent along With the data. If the 
data is Within an acceptable data range, the corrupt byte is 
Zero. The display output of the system can shoW an analog 
representation of digital signals in real-time sequentially. 
Several channels can be displayed in any sequence on the 
terminal at one time. 

CALIBRATION 

The sensory elements (2) & (6) of each ?sh surrogate (10) 
in the array are calibrated individually to determine their 
directional and frequency response to both compressional 
and shear forces. Calibration can take place in air and/or 
underWater. Dual reciprocity and comparison methods using 
standard transducers and calibrated signal generators can be 
used. Calibration factors required to equaliZe the frequency 
and time domain output from the various discrete sensors in 
the ?sh surrogate (10) array Will be input via a calibration 
input table accessible to the system operator via a menu 
selection of master central processing unit (30). Various 
factors are applied to received sensed analog signals at the 
initial stages of data input signal processing. Calibration 
may be achieved using several means. One such method is 
a function generator and a speaker along With a sound 
pressure level meter. Another method is calibration of the 
MSFS system in a ?uid environment. By inserting the ?sh 
surrogate in a knoWn ?oW rate ?uid ?eld stream, the 
individual sensors on each ?sh can be calibrated by rotating 
the ?sh body along a 360° aXis and making calibration tables 
for each sensor output at various angles related to a particu 
lar ?oW direction. 

FIG. 4 illustrates the methodology of the interface system 
for data acquisition purposes. These steps include: 

1) Starting the program by initialiZing the MSFS system. 
2) Identify each ?sh ?sh surrogate (10) using the IDF. 
3) Turn off each ?sh surrogate (10) by sending a clear IDF. 
4) Turn on a channel in a particular ?sh surrogate (10) by 

sending a gainset command, channel number, and IDF 
signal. 

5) DigitiZe the input signal for storage in the personal 
computer that correlates With the particular ?sh surro 
gate (10). 

6) Set an analog ampli?er at a point Where the gain is near 
the gain center, ie a command internal to each ?sh 
surrogate (10), digitiZe, center and redigitiZe 5 times to 
average the center). 

7) Turn the other channels one at a time and set the gain 
as near the center of the reading as possible. 

8) Repeat this for each ?sh surrogate (10) over each 
channel. 

9) An IDF “send” command for a particular ?sh can then 
be sent. 
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10) The acquired data is then stored for further data 
analysis. 

SYSTEM INTERFACE HARDWARE 

The system hardware can autonomous of manually con 
trolled by the system operator using features of the system’s 
processor based control station (30). Typically this is a 
personal computer. Interface to the various hardWare ele 
ments Will be through a library of softWare drivers for the 
individual hardWare components. The softWare drivers 
include video, printer, mouse, joystick, pointer and plotter 
types. The interface betWeen the multiple ?sh surrogates 
(10) and the user consists of a data acquisition system and 
a method of storing, analyZing, and displaying the data. The 
multiple ?sh surrogates (10) data consists of both particle 
velocity and acoustic pressure components of the hydrody 
namic ?eld generated by one or more simple or compleX 
sources. These signals are analog in nature and are acquired 
using analog methods. Once the data are acquired, a sample 
of the signal can be digitiZed using a (12—16 bit) analog-to 
digital converter While the sensed analog data can be 
stored for later analysis. Processing of the sampled analog 
data signals in the time domain alloWs characteriZation by 
frequency domain analysis. Further processing using signals 
from tWo or more spatially distinct pieZoelectric sensors of 
the multiple ?sh surrogates (10) permits descriptions of 
other characteristics of the hydrodynamic ?eld generated by 
contributing sources and in this manner, inference about the 
nature of the source(s). A high speed A/D converter (over 1 
MHZ) can resolve the particle motion to Within a feW 
degrees. This enables the user to vieW the particle motion as 
it moves past the sensor cells of each ?sh surrogate (10) in 
its rotational velocity as Well as its transverse velocity. 

In cases Where the gain of the ampli?ers Will be distorted 
due to the dynamic nature of the stimuli (particle motion and 
compressional forces), the ampli?er gain must be control 
lable either by automatic or manual means, so that the input 
to the A/D converter is not distorted due to saturation of the 
analog ampli?ers. In some applications, the interface system 
herein permits the operator to set a threshold that the 
strength of the received signal must eXceed before process 
ing Will occur. This threshold is set by the operator entering 
a signal level into a dialog boX that is enabled When the 
operator selects an option function in an operating menu for 
imposing a threshold limit on signal processing of a received 
signal. 
A. Data Acquisition 

The data acquisition system comprises either a single or 
multi-sensor arrangement of the ?sh surrogates (10). These 
sensors may be operated singular or in parallel With other 
strategically placed sensors of the ?sh surrogates (10), a 
multi-channel impedance translator, a multi-channel inter 
connect assembly (transfers the signal from the system/ 
ampli?er to the data analyZing system). The transmission 
media (20) can be ultrasonics, Wire or ?ber optics. Addi 
tional multi-channel ampli?cation, as Well as multi-channel 
attenuation may be required to transmit the data in its best 
signal-to-noise ratio range. 
B. Data Storage 

The data can be analyZed in real time and/or stored for 
later analysis using, a non-volatile storage media. A digital 
tape drive may be used Where eXtended periods of time are 
required. Since the data is analog in nature, it can be stored 
in analog form using an audio tape drive. In all cases, 
multiple channels of data are involved; therefore, the storage 
either must be multiplexed or multiple channels of data 
storage are required. 
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SoftWare control of the system Will be accomplished 

using an object oriented programming language capable of 
operating in a multi-tasking environment such as Visual 
Basic® running Within a Windows@ based operating sys 
tem. The interface system can be a visual menu driven using 
standard protocols for programming language and desired 
operating environment. 
C. Data Processing and Analysis 

This includes commercially developed softWare capable 
of complex high speed processing of built-in and user 
de?ned functions. EXamples of such developed softWare 
include Matlab® and MathCad®. The compressional and 
translational data form the ?sh surrogates (10) is processed 
by high level processing functions such as transforms, 
?lters, and neural netWorks. By being both a high end 
programming language and processing system, processing 
and analysis functions that are more simple or loop oriented 
is compatible With Visual Basic®. 
D. Data Visualization 

Avariety of data display strategies and technologies may 
be used to display the data. Both the compressional and 
transverse forces may be displayed in time and/or frequency 
domain. Three-dimensional perspective, computer-based 
display Will be implemented using various technologies, 
including parallaX based methods. An important feature of 
data output display includes using a signal processing analy 
sis that permits three dimensional perspective of the particle 
motion and acoustic pressure components of the hydrody 
namic ?eld impinging on the sensor array. Other methods 
such as 3D visualiZation goggles can be used to give the user 
a three dimensional sensation of forces that interact on the 
?sh surrogate models (10). 

While this invention has been described in terms of a 
preferred embodiment, it is understood that it is capable of 
further modi?cation and adaptation of the invention folloW 
ing in general the principle of the invention and including 
such departures from the present disclosure as come Within 
the knoWn or customary practice in the art to Which the 
invention pertains and may be applied to the central features 
set forth, and fall Within the scope of the invention and the 
appended claims. 
We claim: 
1. An apparatus for characteriZing acoustic signals and 

pressure variations in hydraulic inlet structures in relation 
ship to a ?sh’s behavior at such locations comprising: 

(a) multiple holloW ?sh surrogate enclosures correspond 
ing in siZe and shape to the ?sh under study; 

(b) each surrogate ?sh has a plurality of pieZoelectric 
sensors mounted on the eXterior of the enclosure and a 
plurality of triaXial accelerometers mounted Within; 

(c) each surrogate ?sh has poWer and data transmission 
means connected to an electronic circuit board, that in 
turn, connect to the sensors for transmitting output 
signals from the pieZoelectric and accelerometer 
sensors, the poWer and data transmission means pass 
through a Water-tight connection of each enclosure; 

(d) each surrogate ?sh has a supporting means af?Xed to 
each surrogate enclosure that forms an array, the sup 
porting means provides a data transmission pathWay 
from each ?sh surrogate, that in turn, connects to an 
electronic central processing interface unit through a 
means for digital-to analog signal conversion; and 

(e) the electronic central processing interface unit includ 
ing: i) a means for calibration of each surrogate ?sh in 
the array, ii) a means for data processing and analysis, 
iii) a means for visualiZation of both compressional and 
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transverse forces experienced by each surrogate ?sh, 
and iv) a means for recording acoustic signals sensed 
by each surrogate ?sh. 

2. The apparatus of claim 1 Wherein the means for 
visualization of both compressional and transverse forces 
experienced by each surrogate ?sh is a display With a 
real-time output format. 

3. The apparatus of claim 1 Wherein the means for 
visualiZation of both compressional and transverse forces 
experienced by each surrogate ?sh is a display With a 
frequency domain output format. 

4. The apparatus of claim 1 Wherein the means for 
visualiZation of both compressional and transverse forces 
experienced by each surrogate ?sh is a display With three 
dimensional perspective of the particle motion and acoustic 
pressure components of the hydrodynamic ?eld impinging 
on the ?sh surrogate array. 

5. The apparatus of claim 1 Wherein the data transmission 
means is an optical ?ber link. 

6. The apparatus of claim 1 Wherein the circuit board 
includes a microcontroller Which decodes commands from 
the electronic central processing unit and the microcontroller 
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responds according to a command to: i) send a data signal 
from a particular sensor from an addressed surrogate ?sh; ii) 
send all data signals from the speci?c ?sh surrogate; iii) send 
signals from a desired channel of selected ?sh surrogate; and 
iv) perform diagnostics of the surrogate ?sh. 

7. The apparatus of claim 5 Wherein the data transmission 
means is a netWork betWeen the central processing unit and 
individual ?sh surrogates is a star netWork. 

8. The apparatus of claim 5 Wherein the data transmission 
means is a netWork betWeen the central processing unit and 
individual ?sh surrogates is an arcnet netWork. 

9. The apparatus of claim 1 Wherein the means for data 
processing and analysis of the electronic central processing 
interface unit including high speed data processing meth 
odology of the compressional and translational data from 
each ?sh surrogates by using mathematical transforms, 
?lters, and neural netWorks. 

10. The apparatus of claim 1 Wherein the digital-to analog 
signal conversion means includes a multi-channel imped 
ance translator With a multi-channel interconnect assembly. 

* * * * * 


